The method for synthesising polyurethane elastomers (PUEs) on the basis of the interaction of monomeric isocyanates and reactive curing agents of the alcohol, amine, urea, and other types has now been practically completely exhausted. Preference is given to oligomeric isocyanates which are normally synthesised by the interaction of oligodiols with a double molar excess of monomeric diisocyanate with subsequent curing of the obtained oligourethane diisocyanate (OUD) by the curing agents indicated above [1, 2] . Here, PUEs are formed whose properties are easy to control in a wide range by changing the nature of the oligodiol and the curing agent [3] . In the latter case, the possibility of controlling the properties is considerably broader owing to the large variety of reactive groups capable of interacting with OUD and their different combinations in the curing agent molecules.
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The method for synthesising polyurethane elastomers (PUEs) on the basis of the interaction of monomeric isocyanates and reactive curing agents of the alcohol, amine, urea, and other types has now been practically completely exhausted. Preference is given to oligomeric isocyanates which are normally synthesised by the interaction of oligodiols with a double molar excess of monomeric diisocyanate with subsequent curing of the obtained oligourethane diisocyanate (OUD) by the curing agents indicated above [1, 2] . Here, PUEs are formed whose properties are easy to control in a wide range by changing the nature of the oligodiol and the curing agent [3] . In the latter case, the possibility of controlling the properties is considerably broader owing to the large variety of reactive groups capable of interacting with OUD and their different combinations in the curing agent molecules.
Earlier it was shown [4] that OUD is cured by dicarboxylic acid hydroxyethylamides under mild conditions. Here, PUEs are formed that possess a high cohesive strength, breaking elongation, hardness, and other valuable physicomechanical properties. The use of curing agents of the amine type is of interest owing to their increased activity in reactions with isocyanates [5] .
The aim of the present work was to study the possibility of synthesising PUEs based on OUDs of different nature and curing agents containing hydroxy and amino groups simultaneously, and also to investigate their properties.
The OUDs were prepared by the procedure set out in [6] on the basis of polyether D-10 and polyester P-6BA, and also α,ω-bis(hydroxymethyl)oligodimethylsiloxane (α-oligodiol) with a molecular weight of 2200. The diisocyanate used was 2,4-toluylene diisocyanate. For the curing of these OUDs, use was made of pxylylenebis(diethanolamine) (1), bis(β-hydroxyethyl) (2), and β-hydroxyethyl-p-aminobenzylamine (3) which were synthesised by the following schemes: 
The indicated transformations were carried out in boiling benzene. To increase the product yields, syntheses were carried out with an excess amine component. The reduction of the nitro group of the intermediate compounds was carried out in boiling alcohol in the presence of iron(III) chloride and activated carbon. The obtained hydroxyethylbenzylamines 1-3 were recrystallised from dioxane; their individuality and structure were confirmed by chromatography and by IR spectroscopy, mass spectrometry, and 1 H nuclear magnetic resonance (NMR) methods.
The substances formed are polyfunctional organic compounds and can be used as curing agents of OUD for the creation of polyurethane and mixed polyurethanepolyurea elastomers.
The PUEs were prepared in the following way. A solution of crosslinking agents 1-3 in a minimal volume of dioxane was mixed with OUD. Here, the ratio of functional groups of the OUD and the total number of reactive groups of the curing agent (f = NCO/(OH + NH)) was varied in the range 1:0.8-1:1.4. The obtained mixture of OUD and curing agent was vacuum treated to remove the volatile compounds and then heated at 90°C. The formation of PUE and the removal of solvent residues occurred during heat treatment. As a result, elastic polymer films ranging from grey to brown in colour were obtained.
The selection of the temperature and time schedule was dictated by a number of factors, but primarily by the possibility of secondary processes occurring. Thus, at temperatures exceeding 100°C, a competing reactioninteraction of the isocyanate and urethane groups present in the system in sufficiently large quantities -becomes appreciable. The allophanates obtained in this case have a considerable adverse effect on the properties of PUEs [5] . Reduction in the temperature to 80°C is inexpedient on account of the reduction in the rate of urethane formation and evaporation of the solvent. The curing time of the composite was dictated by the need to achieve complete transformation of the isocyanate groups (monitoring by IR spectroscopy, v NCO = 2200 cm -1 ). In the opposite case, the interaction of OUDs with air moisture leads to the formation and breakdown of carbamic acids with the liberation of CO 2 , which leads to the formation of PUEs of microcellular structure and degrades the properties of the elastomer appreciably. Table 1 presents certain physicomechanical properties of the PUEs obtained with different ratios of the numbers of functional groups of OUD and curing agent.
As can be seen from the data given in Table 1 , the physicomechanical properties of the PUEs depend greatly on the OUD/curing agent ratio. With increase in the amount of curing agent there is an increase in the breaking elongation and tension set and a reduction in hardness. The cohesive strength of the PUEs is maximum at f = 1:1. The relationships established are explained by the fact that, in the case of excess OUD, some of the isocyanate groups are consumed on secondary processes (the synthesis of allophanates, isocyanates, homopolymers of isocyanates, etc.) resulting from the presence of a tertiary nitrogen atom in the molecules of the curing agent catalysing the given reactions. Here, densely crosslinked PUEs characterised by low macromolecule flexibility are formed.
With excess curing agent, some of it takes no part in reactions of urethane formation and seems to have a plasticising effect on the PUE. In this case the macromolecules of the elastomer exhibit increased flexibility, which leads to increased elasticity and a reduction in the hardness of the polymer.
When f = 1:1, a more homogeneous and, consequently, a stronger polymer network is formed, determining the maximum cohesive strength of the PUE.
The relationships found are in agreement with the results of investigating PUEs for their content of gel fraction P and swelling ∆G in different solvents ( Table 2) . The consistent reduction in the gel fraction content with excess hydroxyethyl(benzyl)amines 1-3 clearly indicates an increase in the amount of unreacted curing agent forming a linear phase that is washed out during extraction. The increase in swelling of the PUE in the solvents investigated seems to be determined by the increase in flexibility of the polyurethane macromolecules, which again confirms the conclusions obtained.
Thus, the most optimum OUD/curing agent ratio for the production of PUEs with maximum physicomechanical and physicochemical properties is f = 1:1. Table 1 also presents data illustrating the influence of the nature of the curing agent on the physicomechanical properties of the PUE with the optimum OUD/curing agent ratio.
As can be seen from the given data, replacement of the hydroxy group by an amino group leads to a reduction in the cohesive strength and hardness of the PUE and to an increase in the breaking elongation. In our view, the relationship revealed is based on the following facts. It is known that amines are more reactive in interaction with isocyanates. For this reason it must be assumed that the polymerisation rate in the series of curing agents 1-3 increases considerably on account of increase in the portion of the =N-H bond in the curing agent molecules. Consequently, increase in the disorder in the macromolecule chains is most likely. T/3 load, it seems possible for the macromolecules of the polymer to be oriented along the force line of the mechanical field, while the PUE exhibits high elasticity at the instant of failure. Here, on account of the urea groups converging in an oriented state, intermolecular hydrogen bonds are formed in the PUE. At the same time, the reduced flexibility of molecules of curing agents 2 and 3 on account of the reduced number of flexible methylene bridges compared with curing agent 1 fixes intermolecular bonds in the PUE. This determines an increase in the relaxation time and explains the increase in the tension set of polyurethanes among the curing agents investigated.
Reduction in the hardness of the investigated polymers and in their cohesive strength also seems to be determined by the disordered structure of the PUE macromolecules and by weak intermolecular interaction.
The disorder in the structure of the polymer macromolecules is also indicated by data obtained in a study of the gel fraction content and swelling of the PUE (see Table 2 ).
The effect of the nature of the oligomer part on the properties of polyurethane elastomers was examined by the present authors in the case of polyester P-6BA (the product of the condensation of adipic acid with butylene glycol) and polyether D-10 (the product of the combined condensation of ethylene oxide and propylene oxide), and also an organosilicon polyether (α-oligodiol containing at least 19 regularly recurrent dimethylsiloxane groups).
Composites for the production of elastomers were prepared by mixing the prepolymer with isocyanate groups based on the polyester and the polyethers listed above and 2,4-toluylene diisocyanate with a saturated solution of p-xylylenebis(diethanolamine) in dioxane. After removal of the solvent, the reaction mixture was heated at 90°C for 5-6 h. The ratio of functional groups NCO/OH was 1:1.
Some physicomechanical and physicochemical properties of the elastic films obtained are given in Table 3 .
Owing to the β-effect [7] , organosilicon polyethers in which the hydroxyl group and silicon atom are separated by a methylene unit are characterised by increased reactivity in urethane formation reactions. Furthermore, they possess a low thermodynamic affinity for hydrocarbons. The non-transparency of the polymer films obtained indicates their inhomogeneity and the presence of a heterogeneous phase. High flexibility of the siloxanes seems to be realised in the most thermodynamically favourable configuration of the macromolecules in the form of coils. Combined with the high reactivity of these polyethers, some of the hydroxy groups (at the stage of prepolymer synthesis) and isocyanate groups (at the polymerisation stage) remain screened and are excluded from the polymerisation reaction. This is indicated by the data in Table 3 , according to which, in the case of organosilicon polymers, the strength, breaking elongation, hardness, swelling in acidic and alkaline media, and, especially, content of gel fraction are lower than for the polyester and other polyether investigated.
The maximum values of the properties investigated are characterised by elastomers obtained by curing of the prepolymer based on polyester P-6BA and 2,4-toluylene diisocyanate. This seems to be the consequence of the reduced density of this elastomer on account of steric factors. As a result, the macromolecules of the polyester and the prepolymers based on it exhibit high flexibility, which is accompanied with increased reactivity of the functional groups both in reactions of prepolymer formation and in the polymerisation process. This is graphically illustrated by data obtained in a study of the physicomechanical and physicochemical properties of the elastomers (see Table 3 ).
Thus, we have proposed new crosslinking agents containing different reactive functional groups for the structure formation of oligourethane diisocyanates. It has been shown that the properties of the PUEs developed are determined both by the nature of the OUD and curing and by their ratio in the process of elastomer formation. Here, PUEs based on polyester P-6BA are characterised by higher physicomechanical properties, while PUEs based on α-oligodiol with an NCO/(OH + NH) ratio close to 1:1 are characterised by higher chemical resistance.
